We have measured time-resolved spontaneous emission from quantum dots near a dielectric interface with known photonic local density of states. We thus experimentally determine the quantum efficiency and the dipole moment, important for quantum optics. 
Introduction
Control of spontaneous emission from an excited emitter is central in quantum optics. Recent advancements in solid-state quantum optics include the demonstration of strong coupling between a single quantum dot (QD) and the optical mode of a cavity [1, 2] , and the control of spontaneous emission decay rates using photonic crystals [3] . The rate of spontaneous emission can be controlled through the number of optical modes available for emission, which is quantified by the local density of states (LDOS). Moreover, as the non-radiative decay rate is unaffected by a modification of the LDOS, quantum optics experiments require high internal quantum efficiency of the emitter.
We present quantitative measurements of the radiative and non-radiative decay rates, the quantum efficiency, and the dipole moment of self-assembled InAs/GaAs QDs. As the LDOS can be calculated exactly, these quantities can be determined from time-resolved measurements of spontaneous emission at different distances to an interface. Time-resolved measurements will be essential for an unambiguous proof of strong coupling of a single QD to a single photon. So far the only signs of strong coupling have been CW-measurements where a clear Rabi-splitting has been observed [1, 2] .
Discussion
We have performed time-and spectrally-resolved measurements of spontaneous emission from ensembles of selfassembled InAs/GaAs QDs near an air-GaAs interface. Due to reflections of the electromagnetic field from the airGaAs interface, the LDOS oscillates as the distance to the interface is varied. This oscillation of the LDOS is observed in the measured decay rates ( Fig. 1(a) , solid dots). The data shown in Figure 1 are taken at the energy corresponding to the ground state transition of the QDs.
Both radiative as well as non-radiative processes can lead to a decay of the excited QDs. The non-radiative decay rate is unaffected by modifications of the LDOS, while the radiative decay rate is directly proportional to the normalized LDOS. Thus the measured decay rate can be expressed as
where Γ rad-hom (ω) is the radiative decay rate in a homogeneous medium, ρ(ω,r)/ρ hom (ω) the position dependent LDOS near the interface -normalized to the LDOS in a homogenous medium, and Γ non-rad (ω) is the non-radiative decay rate. In order to quantify the radiative and non-radiative decay rates the measured decay rates are plotted as a function of the calculated normalized LDOS (Fig. 1(b) ). The slope of the linear fit gives the radiative decay rate, while the intersection with the ordinate gives the non-radiative decay rate. We find a radiative decay rate Γ rad-hom of 0.85±0.04 ns -1 and non-radiative decay rate Γ non-rad of 0.18±0.04 ns -1 . This corresponds to a high quantum efficiency From the extracted values, the decay rates can be calculated as a function of the distance ( Fig. 1(a) , solid line). The observed modification of the decay rates is very well described by theory assuming that the dipoles have a fixed orientation parallel to the interface. This is in agreement with results in literature obtained from absorption measurements where the ground state is found to be primarily TE polarized [5] .
The quantum efficiencies and dipole moments of excited states of the QDs are extracted in a similar manner from measurements performed at higher transition energies. As these transitions often have both TE and TM polarized components, the observed decays have a more complex dynamical behavior, since these components couples to different projections of the LDOS.
Our results are important for a quantitative understanding of the decay of QDs in complex nanophotonic structures such as photonic crystals and nanocavities.
